Phlegmasia cerulea dolens (PCD) is characterized by extensive venous thrombosis and severe venous outflow obstruction presents with painful limb swelling, cyanosis, and gangrene in extreme cases. Occurrence of PCD in healthy pediatric patients is rare.[@bib1], [@bib2], [@bib3] Potential protective mechanisms cited include a decreased capacity for thrombin generation, increased alpha-2 macroglobulin inhibition of thrombin, and the antithrombotic potential of the vessel wall.[@bib2] Among adult and pediatric patients, malignancy, sepsis, surgery, hypercoagulable state, and vascular injury (indwelling central lines) predispose to PCD.[@bib2], [@bib3], [@bib4]

Coronavirus disease associated with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is associated with a hypercoagulable state among adults, as is the multisystem inflammatory syndrome in children.[@bib5], [@bib6], [@bib7], [@bib8] We report the case of a girl with PCD and venous gangrene in association with SARS-CoV-2 infection.

Case Description {#sec1}
================

A 12-year-old previously healthy girl (body mass index of 20.1 kg/m^2^) had acute onset of painful swelling of her left leg without dyspnea or fever. She was evaluated 5 days prior for painful erythema of the left thigh of 5 days\' duration, which was diagnosed as cellulitis and treated with oral trimethoprim-sulfamethoxazole. No intercurrent illness, sick contacts, long distance travel, familial thrombophilia, or trauma were reported. Vital signs on admission were blood pressure of 135/76 mm Hg, heart rate of 140 b/minute (sinus tachycardia), respiratory rate of 20 breaths/minute, and temperature of 98.2°F. Examination revealed marked swelling of the entire left leg that was cool to the touch. Her left foot was ecchymotic with decreased sensation and inability to flex toes, but dorsalis pedis and posterior tibial pulses were palpable ([Figure 1](#fig1){ref-type="fig"} ). Laboratory tests before unfractionated heparin administration showed thrombocytopenia (126 000/μL), prolonged prothrombin time of 18 seconds (normal high, 13.4 seconds), partial thromboplastin time of 88.3 seconds (normal high, 36.6 seconds), elevated [d]{.smallcaps}-dimer 1953 ng/mL (high normal, ≤243 ng/mL), and factor VIII activity 259.4% (normal range, 62%-194%). Her erythrocyte sedimentation rate was \>130 mm/hour (normal high, 13 mm/hour) and C-reactive protein was 14.8 mg/dL (normal high, 0.5 mg/dL).Figure 1Severely swollen, painful, cyanotic left lower extremity on presentation.

Because catheter-directed lysis requires hours for revascularization, we proceeded to percutaneous mechanical venous thrombectomy. Venography confirmed extensive popliteal-to-common iliac vein thrombosis and excluded inferior vena cava (IVC) clot ([Video 1](#mmc1){ref-type="supplementary-material"} and [Video 2](#mmc2){ref-type="supplementary-material"}; available at [www.jpeds.com](http://www.jpeds.com){#intref0010}). ClotTriever mechanical thrombectomy (Inari Medical, Irvine, California) retrieved a white and red fibrin-rich clot. Thrombectomy was complicated by hypotension, bradycardia, and pulseless electrical activity, for which cardiopulmonary resuscitation was initiated. Echocardiogram revealed severe right ventricular (RV) dilation with severe hypokinesis consistent with acute massive pulmonary embolism (PE). A multidisciplinary decision was made to initiate peripheral venoarterial extracorporeal membrane oxygenation (ECMO). Unfractionated heparin adjusted to an activated clotting time of 190-200 seconds was continued throughout the ECMO run. Given prolonged resuscitation of about 30-45 minutes, we initiated therapeutic hypothermia via the ECMO circuit. Admission SARS-CoV-2 nasopharyngeal reverse transcriptase-polymerase chain reaction testing was negative. Fibrinogen level drawn post ECMO initiation was 191 mg/dL (normal range, 210-400 mg/dL). Her initial thrombophilia workup was negative for most risk factors but was positive for antiphospholipid antibodies (APLA) ([Table](#tbl1){ref-type="table"} ).TableThrombophilia investigationThrombophilic risk factorsResultsFactor V LeidenNegativeProthrombin gene mutationNegative*MTHFR* gene mutationPositive for 1 copy of C677T variantProtein C67% (67%-141%)Protein S, free28%[∗](#tbl1fnlowast){ref-type="table-fn"} (55%-124%)Antithrombin III55% (72%-129%)Lupus anticoagulant: DRVVT; lupus anticoagulant ratio79.6 seconds (28-48); 1.5 (0.8-1.2)Cardiolipin antibodyIgA \<11, IgG 73 (≤14), IgM 31 (≤12)Beta 2 glycoprotein 1IgA \<9, IgG 58 (≤20), IgM \<9Lipoprotein (a)67.3 nmol/L (\<75)[^1][^2][^3]

Day 1 echocardiogram revealed persistent severe RV systolic dysfunction. Continued need for high-dose epinephrine (0.08 μg/kg/min), milrinone (0.5 μg/kg/min) with narrow arterial pulse pressure (20 mm Hg) while on ECMO support (flow, 2.5-2.7 L/hour; 60 mL/kg/min) prompted us to undertake EkoSonic ultrasound-assisted catheter-directed thrombolysis (UCDT) of the PE. Pulmonary angiography confirmed extensive emboli in the superior, middle, and inferior segments of the right lung; the lingular segment of the left lung; and interlobular pulmonary arteries. Bilateral UCDT catheters infusing tissue plasminogen activator (TPA) at 1 mg/lung/hour for 6 hours (12 mg total dose) facilitated thrombolysis.[@bib9] Epinephrine was discontinued within 24 hours of thrombolysis and a 40 mm Hg arterial pulse pressure was noted with echocardiogram confirming improvement in RV size and function. Given hemodynamic improvement, we undertook venous thrombolysis to improve limb prognosis. An infrahepatic venous filter was deployed after excluding an IVC clot. Venography confirmed extensive thrombosis from the posterior tibial vein to the common iliac vein ([Figure 2](#figE2){ref-type="fig"}, A-C; available at [www.jpeds.com](http://www.jpeds.com){#intref0015}). Rheolytic thrombectomy (Angiojet \[Boston Scientific, Marlborough, Massachusetts\] with powerpulse) was undertaken using TPA in solution (20 mg total).[@bib10] EkoSonic UCDT catheters were positioned via the common femoral vein traversing beyond the common iliac vein, and a second catheter via the posterior tibial vein extending into the common femoral vein (0.5 mg/hour/catheter for an hourly dose of 1 mg). Mild acute disseminated intravascular coagulation (DIC) mandated TPA discontinuation at 7 hours of UCDT and transfusion support corrected the DIC. Venoarterial ECMO was decannulated after 64 hours of support with primary repair of the arteries. Venography demonstrated improved venous outflow into the IVC with markedly decreased thrombus burden. Paralytics and sedation were weaned on day 4 and she awoke, followed commands, and was successfully extubated to oxygen via nasal cannula. Complete normalization of her RV function was noted on day 7 echocardiogram ([Video 3](#mmc3){ref-type="supplementary-material"}; available at [www.jpeds.com](http://www.jpeds.com){#intref0020}).

The patient was given solumedrol 1 g (23 mg/kg) daily for 3 doses, followed by a taper. Plasmapheresis was undertaken daily for 5 days, and 3 times afterward for a total of 8 treatments. Empiric antibiotics with vancomycin and cefepime were administered for 5 days. Cyanosis subsequently was isolated to the toes, with improved perfusion to the mid foot. The SARS-CoV-2 IgG and IgM antibody titers drawn on hospital day 5, after 3 plasmapheresis sessions, were negative. Repeat testing using paired sera (hospitalization day 16/day 20) revealed up trending positive SARS-CoV-2 IgM antibody titers 28.8 units (day16) to 43.2 units (day 20) (reference valve, \<9.0 units) and negative SARS-CoV-2 IgG titers.[@bib11] She underwent hyperbaric oxygen treatments with improvement in sensorimotor deficits, but with continued severe cyanosis of all toes. She was discharged home on day 20 of hospitalization without neurologic deficits (Pediatric Cerebral Performance Category 1) on amlodipine, a prednisone taper, therapeutic enoxaparin, and gabapentin for continued neuropathic pain.

Discussion {#sec2}
==========

Coronavirus disease 19 (COVID)-19 respiratory syndrome is associated with a hypercoagulable state in adults.[@bib5] ^,^ [@bib6] Severe hypoxia, systemic inflammation, sepsis, cytokine surge, and an "endothelitis" prompting prothrombotic states have been postulated mechanisms.[@bib12] ^,^ [@bib13] An elevated [d]{.smallcaps}-dimer, low normal or normal fibrinogen level, elevated fibrin degradation products, mild thrombocytopenia, and mildly elevated partial thromboplastin time in adults with severe COVID-19 has led some investigators to postulate the occurrence of a compensated DIC syndrome.[@bib14] ^,^ [@bib15] Nonsurvivors met International Society of Thrombosis and Hemostasis criteria for DIC in 71.4% of patients vs 0.6% among COVID-19 survivors in 1 intensive care unit study.[@bib15] Admission coagulation tests were markedly abnormal in our patient. She met International Society of Thrombosis and Hemostasis criteria for nonovert DIC; International Society of Thrombosis and Hemostasis DIC score 4: prolonged prothrombin time (1 point) and severely elevated [d]{.smallcaps}-dimer (3 points).[@bib16] Importantly, her investigation for acute infection was negative. Thrombophilia workup was positive for APLA. Pediatric primary antiphospholipid syndrome (APS) is rare, and disease onset before age 15 years is reported in only 2.8% of all pediatric APS. Although arterial thrombosis is more often associated with primary APS, deep vein thrombosis is predominantly seen with secondary APS.[@bib17] Adult COVID-19-associated APLA and lupus anticoagulant have been reported.[@bib18] ^,^ [@bib19] With repeat confirmatory APS testing pending, given the rarity of pediatric PCD, admission DIC score of 4 with positive APLA and anti-SARS-CoV-2 IgM assay, we opine that the PCD likely was the result of a community-acquired SARS-CoV-2-induced hypercoagulable state. Phlegmasia in an adult COVID-19 patient managed with unfractionated heparin has recently been reported.[@bib20]

SARS-CoV-2 infection is now known to cause pediatric multisystem inflammatory syndrome-children (with significant associated morbidity and mortality.[@bib21], [@bib22], [@bib23] Chilblain-like lesions, labeled "COVID toes," are the predominant dermatologic manifestation reported among otherwise healthy older children with a strong epidemiologic association with COVID-19.[@bib24] Predominantly involving bilateral toes and feet, COVID toes are characterized by erythematous macules/papules, purpuric lesions with pruritis, and mild pain with rare acroischemia reported.[@bib24] ^,^ [@bib25] Reports indicate that most patients test negative on nasopharyngeal reverse transcriptase-polymerase chain reaction tests and for IgG and IgM antibodies to SARS-CoV-2.[@bib24] Coagulation studies and lupus anticoagulant tests usually are normal.[@bib26] Vascular microthrombus formation is suspected. Spontaneous resolution without significant sequelae is common.[@bib24] ^,^ [@bib26]

Our patient presented with venous gangrene and an acutely threatened limb. Emergent mechanical thrombectomy was complicated by a massive PE and cardiac arrest. Absence of an IVC clot, her adolescent age, known complications of IVC filters, and the purported design advantages of the ClotTriever with a coring element and a nitinol collection bag for distal protection biased our decision not to insert a prophylactic IVC filter.[@bib27] ^,^ [@bib28] In retrospect, filter placement likely would have captured dislodged emboli and prevented cardiac arrest.[@bib29] Systemic thrombolysis was considered but, given the nonperfusing rhythm and add on time (TPA bolus over ∼15 minutes plus time for TPA action), institution of venoarterial ECMO was warranted clinically. Improved survival (40% vs 27%) and survival with favorable neurologic outcome (27% vs 18%) have been reported with use of extracorporeal cardiopulmonary resuscitation vs conventional cardiopulmonary resuscitation in pediatric in-hospital cardiac arrest.[@bib30] Central nervous system events (ischemic stroke, intracranial hemorrhage, and brain death) and bleeding negatively impact extracorporeal cardiopulmonary resuscitation outcomes.[@bib31] ^,^ [@bib32] Therapeutic hypothermia likely contributed to her complete neurologic recovery. A staged EkoSonic UCDT for bilateral PE facilitated early ECMO decannulation.[@bib33] UCDT has been shown to decrease the burden of pulmonary embolus, decrease pulmonary pressures and facilitate early RV recovery.[@bib9] ^,^ [@bib34] Rheolytic thrombectomy plus UDCT significantly improved venous outflow and prevented major amputation. Systemic or catheter-directed thrombolysis also has been shown to decrease the risk of post-thrombotic syndrome in children.[@bib35] Adjunctive corticosteroid therapy and plasmapheresis was undertaken upon the finding of APLA. Plasmapheresis likely confounded SARS-CoV-2 antibody testing. Repeated serology confirmed our suspicion of relationship to SARS-CoV-2 infection.

SARS-CoV-2 infection should be considered in the differential diagnosis for children with unusual thrombotic presentations. Earlier detection and treatment of coagulopathy may prevent severe complications of the nature described here.

Appendix {#appsec1}
========

Figure 2Extensive venous thrombosis of the **A,** left posterior tibial **B,** femoral vein to **C,** left common iliac vein.
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[^1]: *DRVVT*, dilute Russell\'s viper venom time.

[^2]: Normal range, if applicable, in parentheses.

[^3]: Repeat in 4 weeks was normal at 89%.
